Abstract. Solid particles' motion in a cavity located at the bottom of a straight channel were simulated at two different aspect ratios and wide range of Reynolds numbers by the lattice Boltzmann method (LBM). Uniform Eulerian grid was adopted for the flow domain and Lagrangian to trace the solid particles' dynamic. Current study found that the rate of particle removal significantly depends on the flow Reynolds number and the cavity shape.
Introduction
Flows including solid particles are spotted in various engineering applications and plays an important role in industrial manufacturing process, waste water treatment, seeds drying technology, separation of grains and etc. LBM has been approved as a suitable scheme for fluid-solid interaction problems due to its computational efficiency and parallel scalability [1] . LBM resolves the macroscale of fluid flow indirectly by solving the evolution equation of particle distribution function and models the propagation and collision of particle distribution which are believed to be the fundamental behaviors at molecular level [2, 3, 4] . The similarity between the LBM mechanism and the behavior of solid particles is the reason of choosing LBM for such problems.
First, an alternative numerical approach i.e., Lagrangian-Lagrangian, is proposed and afterward, the most influential factor on the particle trajectory and removal rate for the two different cavity shapes will be determined.
Mathematical Model
In this study, the flow is considered laminar, incompressible with parabolic inlet velocity profile. The LBM model adopted for fluid flow is D2Q9. The LBM evolution equation for single particle distribution function f is as following,
where eq i f is the equilibrium distribution function. It is assumed that presence of solid particle does not affect the fluid flow but instead, the fluid flow will cause the particles trajectory. For simulation of solid particle, second Newton's law is applied where the equation of motion for a solid particle is expressed as
where, p m , p v and p f are mass, velocity and the drag force acting on particle due to surrounding fluid. According to Kosinski et al. [5] , the drag force can be written as follow
where, p A is the projected area of solid particle and C D is the drag coefficient.
Results and Discussion
First the code is validated to characterize the flow field without the presence of solid particle followed by including their presence to compare the trajectory of particles with the experimental result. The geometry of the problem is set as Fig. 1 with aspect ratio (AR) of 1 and 2. Another cavity shape which is the triangular is also considered and the maximum inlet velocity varies to obtain Reynolds number as 50, 100 and 400. As demonstrated in Fig. 2-4 , the main pattern of flow development is the same which starts with the formation of vortex in left top corner then moves to the center of cavity. In higher Reynolds number, the vortex has the tendency to move to the right side and the circulating area of vortex is bigger. For AR=1, there is no noticeable difference of the flow. However for AR=2, the vortex can be seen to grow through the cavity and as it reaches the steady state, it covers three-third of the cavity. 5-7 , show the particles movement pattern from two different cavity shapes with aspect ratio 1 and 2 as can be deciphered, particles' motion follow the flow structure. During the start-up, flow penetration and acceleration forced particles to leave the cavity. The highest rate of removal occurs during the early penetration of fluid flow into cavity which, is due to the early development of vortex into the cavity and brought the particles out from the cavity. Recirculation area formed in the cavity and captured part of the particles located in the cavity. For longer time, this area became stronger and trapped the remaining particles until steady-state condition achieved. 8-9 show the effect of Reynolds numbers. As Re increases, the percentage of particles removal also grows. This is due to higher speed of flow velocity inside cavity and deeper penetration of vortex in the cavity. Comparison of particles removal percentage for different cavity shapes are demonstrated in Fig. 10-12 . Due to the shallow depth of the Triangular cavity it gives higher removal percentage compared to rectangular shape. During the formation of vortex in the cavity, solid particles are trapped and as it moves to upper side of the cavity, particles are brought together and flushed out from the cavity by the induced centrifugal force. This is the reason for the higher removal percentage in triangular cavity. The objective of this study has been to investigate the effect of Reynolds number, aspect ratio and cavity shape on trajectory and removal efficiency of particles in cavity. Results show that all the three parameters have some degree of influence on the rate of particles removal and flow structures. Higher Reynolds number gives the higher rate of removal due to the higher speed of early penetration of flow into the cavity, especially in triangular cavity. Due to moving nature of vortices, effect of cavity aspect ratio seems to give more significant effectiveness of particles removal compared to Re number. Good agreements obtained with previous experimental results therefore, it can be concluded that the idea of using the lattice Boltzmann simulation scheme is a reliable numerical method which provides sufficient qualities to predict fluid-solid interaction problems.
